Abstract. Glioma is a type of tumor derived from glial cells, which is associated with a high level of incidence and mortality. At present, the generation of a fast and efficient method to evaluate the malignancy grade of glioma is required. Cancer stem cells (CSCs) are currently attracting attention in oncological studies; therefore, the present study aimed to investigate novel biomarkers of glioma CSCs, in order to provide new criteria for the grading of glioma. The mRNA expression levels of CD133, (sex determining region Y)-box 2, nestin, vascular endothelial growth factor (VEGF) and phosphoinositide-3-kinase (PI3K) were detected in 15 human samples of high-malignancy glioma and 12 human samples of low-malignancy glioma in vitro. The mRNA expression levels of VEGF and PI3K were higher in the high-malignancy group, as compared with in the low-malignancy group. In conclusion, the mRNA expression levels of VEGF and PI3K in glioma CSCs may be considered a novel criteria for the grading of glioma.
Introduction
Gliomas, which are tumors that originate from neuroglial cells, commonly occur in the brain and occasionally in the spinal cord (1) . Gliomas account for 80% of primary tumors in the brain and central nervous system, and for 30% of malignant tumors in the brain (2) . Patients with low-malignancy gliomas [World Health Organization (WHO) grade II] have good prognoses, with a 10-year survival rate of up to 47% (3) , and reportedly as long as 17 years (4) . By contrast, high-malignancy gliomas (WHO grades III-IV) are rich in vessels and their size increases rapidly. Hypoxic and necrotic tissues in the tumor center can damage the surrounding tissues and destroy the blood-brain barrier; thus, these tumors may relapse even when completely resected. The 1-and 2-year survival rates of high-malignancy gliomas are only 50 and 25%, respectively (5) .
Cancer stem cells (CSCs) have the same characteristics as other types of stem cells, but can also differentiate into various types of cells in the tumor tissue (6, 7) . Thus, CSCs closely affect tumor recurrence and metastasis. Glioma CSCs are important in the development of invasive tumor growth, insensitivity to chemotherapy and radiotherapy, and poor prognosis (8, 9) . Since glioma CSCs were successfully isolated and cultured in vitro in 2004 (10) , their characteristics have been studied extensively. Currently known glioma CSC markers include CD133, nestin, (sex determining region Y)-box 2 (SOX2), ATP-binding cassette sub-family G member 2 (ABCG2) and musashi-1 (11) (12) (13) (14) (15) , with CD133 considered to be the most important of these markers. CD133
+ glioma CSCs form cell spheres in culture medium that contains growth factors (16) , and differentiate into neurons and glial cells following the removal of the growth factors (17) (18) (19) . However, certain CD133 − glioma cells also exhibit similar characteristics to CSCs (20) . In addition, certain types of cells, such as endothelial cells, are also CD133 + (21) . Therefore, CD133, even alongside other biomarkers, may not be a specific biomarker for glioma CSCs.
Vascular endothelial growth factor (VEGF) is highly expressed in glioma cells (22) (23) (24) , and its expression is directly associated with the malignancy and prognosis of gliomas (25) . Phosphoinositide-3-kinase (PI3K) is a lipid second messenger associated with intracellular signal transduction that can catalyze the formation of phosphoinositide-3 phosphate, which is the phosphorylated product of the third hydroxyl of inositol phosphate (26) . PI-3,4,5-P 3 is the phosphorylated product of PI3K, which is gathered in the inner surface of the cell membrane. Protein kinase B (Akt) combines with PI-3,4,5-P 3 and is subsequently activated. The activated Akt then enters the cell membrane, where it is phosphorylated by PDK1 and PDK2, and regulates a series of functions, including the cell cycle, growth and survival (27) . PI3K comprises of five subtypes, including p55α, p55γ, p85α, p85β and p50α, all of which are expressed in neuronal cells in the rat brain, indicating that PI3K is important in signal transduction in the brain (28) . However, the association between PI3K/Akt gene expression and glioma remains unclear.
In the present study, specimens from glioma patients were divided into the following two groups according to clinical grading: Low-malignancy (WHO grade II) and high-malignancy (WHO grades III-IV) groups (29) . Stem cells were extracted from fresh tumor tissues, and the expression levels of CD133, nestin, SOX2, VEGF and PI3K were detected by reverse transcription-quantitative polymerase chair reaction (RT-qPCR), in order to identify the association of glioma CSCs with the VEGF and PI3K signal transduction systems. To the best of our knowledge, this is the first study investigating the expression levels of VEGF and PI3K in glioma CSCs obtained from glioma patients. The results will provide first-hand information for further study of drugs that target glioma.
Materials and methods
Sample collection. Samples were collected in strict accordance with the scientific research sample collection guidelines of the Department of Neurosurgery the Affiliated Hospital of Beihua University (Jilin, Jilin). Glioma samples were successfully collected from 27 patients with glioma who were undergoing resection surgery at the Department of Neurosurgery, between 2010 and 2013. Tissue samples were diagnosed by pathological section and classified into 12 low-and 15 high-malignancy gliomas, according to the WHO guidelines (29) (30) (31) (32) (33) . The tissue samples immediately underwent tissue digestion and cell isolation. This study was conducted in accordance with the declaration of Helsinki and was approved by the Ethics Committee of Jilin University (Changchun, China). Written informed consent was obtained from all the participants.
Isolation and purification of glioma CSCs. Several 6-well plates were coated with 20 µg/ml poly-ornithine (Sigma-Aldrich, Carlsbad, CA, USA) and incubated in a cell incubator at 37˚C for at least 2 h. Subsequently, the poly-ornithine was removed by washing once with deionized water, the plates were rinsed once with phosphate-buffered saline (PBS), and were then incubated with a final concentration of 5 µg/ml laminine (Sigma-Aldrich) for 1 h.
Fresh glioma tumor tissues were cut into small sections (7 µm) and rinsed twice with Hank's balanced salt solution (HBSS; Gibco Life Technologies, Grand Island, NY, USA) containing 20% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA). The specimens were then rinsed three times with HBSS without FBS in order to remove blood cells and then digested with 0.25% trypsin (Gibco Life Technologies) at 37˚C for 10 min. Subsequently, the digestion was terminated using 3 ml HBSS containing 20% FBS, and the samples were centrifuged at 400 x g at 4˚C for 3 min. The supernatant was then discarded, and the cells were resuspended using the neural stem cell culture medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The cell suspension was filtered through a 70-µm nylon mesh (Mumford Industries, Inc., CA, USA) and the cells were transferred to the 6-well plates that had been prepared previously. To further evaulate biomarker expression, U251 human glioma cells (Sigma-Aldrich) were used as a control. The U251 and primary neural stem cells were cultured in medium containing 10% FBS, 40 ng/ml fibroblast growth factor 2, 20 ng/ml epidermal growth factor (EGF) and 20 ng/ml platelet-derived growth factor (all from Gibco Life Technologies) on the first day. On the second day, the medium was replaced with fresh medium without FBS, and thereafter, half the medium was changed every day, with the addition of fresh growth factors. The cells were observed and images were captured under 200x magnification using a microscope (BX51-32H01; Olympus Corporation, Tokyo, Japan).
Detection of glioma CSCs using RT-qPCR. The total RNA of glioma CSCs and U251 cells was extracted using an RNeasy kit (Qiagen, Hilden, Germany). Next, 1 µg total RNA was reverse transcribed into cDNA using iScript cDNA Synthesis kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA), and PCR was performed using PCR Master Mix (Applied Biosystems, Life Technologies, Rockville, MD, USA). The PCR protocol comprised of initial denaturation at 95˚C for 10 min, 35 cycles at 95˚C for 30 sec, 54˚C for 30 sec and 72˚C for 30 sec, and then extension at 72˚C for 10 min. The primers used in the present study are listed in Table I . PCR products were seperated by 1% agarose gel electrophoresis, and results were quantified using model-driven agility software (Kepler 4.3; Eclipse Foundation, Inc., Ottawa, ON, Canada).
Statistical analysis. VEGF and PI3K mRNA expression levels were normalized to GAPDH. Student's t-test was used to analyze the VEGF and PI3K expression levels between the two glioma groups. All analyses were conduced using SPSS 20 software (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significance difference.
Results
Comparison of clinical conditions. All the glioma patients included in the present study had not received any treatment prior to surgery. The patients were divided into the low-malignancy (WHO grade II; n=12) and high-malignancy groups (WHO grades III-IV; n=15). No statistically significant differences in the gender, age, tumor site or pathological type were observed between the two groups (P>0.05; Table II) .
Morphology of glioma CSCs. Glioma CSCs were observed in the suspended and adherent state (Fig. 1 ). These two cell states display different shapes. The suspended cells formed spheres, whereas the adherent cells exhibited a spindle shape. Notably, the amount of sphere-shaped CSCs was increased in the highmalignancy group, as compared with in the low malignancy group. Taken together, various states of CSCs were detected in the cell culture.
Identification of glioma stem cell markers. To validate the expression levels of conventional CSC biomarkers, the mRNA expression levels of CD133, SOX2 and nestin were detected in the high-and low-malignancy glioma CSCs. CD133 expression levels were markedly lower in the low-malignancy group, as compared with in the high-malignancy group; however, there was no significant difference with the U251 cells (Fig. 2) . Patients were divide into the low-malignancy (WHO grade II; n=12) and high-malignancy groups (WHO grades III-IV; n=15). No statistically significant differences between the two groups were observed in the gender, age, tumor site or pathological type (P>0.05).
Furthermore, neither SOX2 nor nestin expression levels differed between the glioma CSCs and U251 cells. These results suggest that the transcriptional levels of CD133, SOX2 and nestin may not be able to efficiently evaluate the malignant stage of glioma CSCs.
Expression levels of VEGF and PI3K. The present study further investigated the VEGF and PI3K mRNA expression levels between the two glioma groups. VEGF was significantly upregulated in the high-malignancy group, as compared with the low-malignancy group (T value=12.655, P=0.002). In addition, the mRNA expression levels of PI3K exhibited a similar tendency (T value=15.948, P=0.001) (Table III ; Fig. 3A and B) . These results suggest that the transcriptional levels of VEGF and PI3K may significantly differ in the various malignant stages of glioma.
Discussion
The incidence of glioma is 3.8/100,000 for men and 3.1/100,000 for women in developing countries, and 5.8/100,000 for men and 4.4/100,000 for women in developed countries (34) . In the United States, malignant glioma accounts for 70% of newly-diagnosed cases of glioma, of which glioblastoma accounts for 60-70% (35, 36) . The glioma classification system of the World Health Organization (WHO) includes four grades, based on the pathological atypia, mitotic condition and anaplasia. The present study aimed to detect the differences in the transcriptional expression of CD133, SOX2, nestin, VEGF and PI3K between high-malignancy and low-malignancy glioma CSCs. The results of the present study suggested a robust association among tumor grade, invasion of CSCs and prognosis. In addition, the expression levels of VEGF and PI3K in WHO grade III-IV samples were found to be significantly 
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higher compared with those in grade II samples, which implies that the expression levels of these two biomarkers may be used as criteria for the clinical grading of gliomas. However, a larger-scale study is required to further confirm this finding. Mutation in the isocitrate dehydrogenase (IDH) gene is widely detected in low-grade gliomas and is generally considered to be an important predictor of prognosis in glioma patients (37, 38) . The IDH mutation may induce abnormal formation of 2-hydroxyglutarate, which inhibits ketoglutarate-dependent dioxygenase, resulting in abnormal histone and DNA methylation, and thus to poor prognosis for glioma patients (38, 39) .
Methylation of the O 6 -alkylguanine DNA alkyltransferase (MGMT) gene promoter is also associated with glioma prognosis (40). Hegi et al confirmed that MGMT gene promoter methylation was associated with long-term survival in glioma patients who received only chemotherapy treatment (41) . Furthermore, Brandes et al revealed that MGMT gene demethylation increased the vascular permeability of glioblastomas (42) . MGMT promoter demethylation plays different roles in gliomas of different grades and pathological types. For instance, the types of gene mutations in WHO grade IV gliomas differ from those in other grades of glioma. Mutations of the IDH and p53 genes are rare, whereas the mutation of EGF receptor (EGFR) is common (43) . Further experiments with larger-scale samples are required to detect the significance of mutations in the IDH, MGMT, EGFR and p53 genes.
CSCs not only have the same characteristics as other types of stem cells, but can also differentiate into various types of cells in tumor tissue, and greatly affect tumor recurrence and metastasis. Since Bonnet and Dick isolated leukemia stem cells in 1997 (44) , researchers have identified CSCs in specimens of brain, lung, colon, ovary, pancreas and prostate cancer (45) (46) (47) (48) (49) (50) . Neurosphere assay is a primary in vitro method for the culture of neural stem cells, which can then differentiate into neurons and glial cells (51) (52) (53) . Neural stem cells are gathered to form neurospheres subsequent to cell division, and the size of neurospheres increases along with the increase of cell division times, so as to achieve a rise in the number of cells. Since glioma CSCs were first isolated and successfully cultured in vitro in 2004 (10), thorough research has been conducted on these cells. Glioma CSCs have been found to express CD133, SOX2, nestin and other markers. However, the role of glioma CSCs in tumor grading has not received considerable attention.
In conclusion, the results of the present study revealed that the expression levels of VEGF and PI3K mRNA in glioma CSCs from patients with grade III-IV glioma were significantly higher compared with those in glioma CSCs of patients with grade II disease. Thus, the expression of VEGF and PI3K mRNA in glioma stem cells may play a key role in the clinical grading of glioma and the accurate prediction of the disease prognosis.
